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BRIEF

• 
[ 

The relationship between research findings concerned with performance
-• 

• 
in complex situations and trouble shooting in electronic equipment hi~a

• { beeiz discussed. It has been concluded that the study of human problem

• . 
solving, concept formation, probability learning, and so forth, has

i. provided litt 1~ data of in*nediate use to the researcher in electronic

~ 

trouble shooting, but has provided certain hints as to important variables

which must not be ignored. Various proposed methods of trouble shooting

L have been noted, and a study dealing with trouble-shooting process and

training methods to teach the process has been outlined. The study

E treats trouble shooting as a generalisable skill which may be studied

r in the laboratory. Trouble—shooting procedures and methods to teach the
I procedures will be developed in the laboratory, validated subsequently

: . 
• [ in the field, and incorporated in a manual designed for use by the

combat arms and technical service schools that are concerned with

• electronic equipment maintenance training.

I
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STUDIES ~~ CCI IPIEX Bi~~A~IIOR aND THEIR RELaTION

[ TO T~3UB1E ~ IOOTING IN ElECTRONIC EQUIPMENT

• Robert S. Czeh

The present paper is a review of the literature concerned either

• [ 
directly or indirectly with the trouble shooting of electronic equipment.

The topic s covered in the survey include mainly problem solving, concept

• I formation, and trouble shooting techniques, and a more br ief consideration

L 
of probability learning, response-sequence analysis, and methods for

teaching trouble—shooting techniques. The r eview is selective rather

than exhaustive, but an attempt has been made to choose representative

pdpers i~rcm each area.

Specifically, this review will present the moat perti nent firvii n~s

in the areas of problem solving and concept formation and will indicate

I the manner in which these findin gs have impinged upon, or ccu]~i impinge

i 
upon, thinking about trouble shooting. The literabire on trouble

• 

• 
• shooting as such will be discussed, and the final section wi]]. outline

I a research Task designed to develop an efficient , general ly applicable

procedure for trouble shooting electronic equipment , and to develop

I meth ods for teaching the procedure.

1. For more complete surveys of the proble m solving and concept
• 

• formation literature , see Johnson (35) and Taylor and P4cNemer (57).

~ •;~ ~I
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I PROBLEM SOLVI~ l

I The label “ diagnostic problem Bolving” has often been applied to

trouble shooting u i  electronic equipment. In one Lenee, the label

[ fits rather well. There are the “givens” of the problem——the equipment,

t]~ie component interconnections, and the symptoms. There is the question—

i~ I “What causes the symptoms observed?” Insofar as the answer is not

[ iiunediate]y obvious, there is a problem. There ar e two difficulties,

however, in defining trouble shooting as a forvt of problem solving.

[ First, •a great variety of behaviors may be defined as problem solving

since the limits of the area are very ill-defined; a definition which

• ~ I excludes nothing is no definition, Second, there is the belief among

several investigators (e.g., 3, IsS, 59) that , given some “systematic”

trouble—shooting method, virtually ~~~ piece of electronic gear may

I be trouble shot • This seems to set trouble shooting off from the

traditional meaning of problem solving since no writer has attempted

I to r~ake a case for any one problem-solving method applicable to all

E problems (except in the very broad sense that, say, Dewey ’s “method”

• (12) is applicable to all problems). These matters are, however, pretty

[ much beside the point since the researcher is free to take relevant

data x~om any source aid need not be troubled by purely verbal problems,
• 

What, then, has the work in problem solving contributed to our

knowledge of trouble shooting? Saupe (51) explicitly set himself the

task of bringing the principles of problem solving to bear on trouble

shooting in radio, .~id drew on the writings of such investigators as

Duncker, Dewey, Bur ack , Maier, and bachins (Si, oh. II ) .  On the basis

I
4:
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of this work, Saupe derived a trouble-shooting prototype and eight

• 
[ 

hypotheses concerned with the characteristics of “ good” trouble shooters.

3everal of his hypothese s wer e confirmed, aid his prototype tro ubli—

I shooting method was used by the most success ful trouble shooters. How-

ever, one gets the feeling that Saupe merely paid lip-servic, to problem

P L solving. His troub le—shooting prototype is stat ed in very broad terms

r and could include most “systematic” trouble-shooting methods; the gap

between problem solving on the one hand and his method and hypotheses

[ on the other is somet imes very wide indeed.

Gagne (23) discussed two activities, electronic trouble shooting

aid aerial photo interpreta tion, in terms of a problem—solving model.

• r The model utilized is very close to the one put forward by Dewey (12);

• essentially it involves analysis of the “givens” of the situation,

I hypothesis formation, hypoth esis test , aid hypothesis elimination.

Recurrent in the literature is the idea that knowledge of certain
r [ “facts and principles” about the problem materials are necessary for

efficient problem solution (6, 8, 1.3, 1~2, 51k, 58), and thi. point has

found its way into the trouble-shooting literature. Fattu and !4ech (18)

I had their subjects work on a series of malfunctions placed in a gsar~
train apparatus. Following this , one group was given magasines to

I [ read, a second group was given a lecture on nomenclature of the appara-

• 
• tus components aid component interconnections, aid a third group was

Ii given this same lecture plus a lectur e on trouble shooting the app aratus .

• [ 
In a second test on the apparatus, the first group showed the least

I

-
~ 
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I gain and the third group the moat. Saupe (51) found that the scores

on a test of basic electronic s knowled ge correlated significantly with

I ~cores on a radio trouble shooting performance test.2 Salts ani i4oore

1 (50) I ound that “good” trouble shooters knew mor e about the functiona l

relationships among equipment components than did “poor” trouble

I shooters, a difference that was independent of both intell igence aid

of the ability to form abstract concepts.

I The effect of set on problem solution has re ceived mach attention.

I or eiample, Duncker (13) presented data on the detrimental effects of

• “ functional fixedness.” ~4ore recent ly, Adainson (1) repeated some of

• I Du~~ker ’ a work and obtained sithst .ntia lly the same resu lts. Luchins ’

work (h i) with the water -jar problem is well-known, aid has stimulated

I a good bit of experimentation. 3 The general conclusion reached by a

I great mar~r investigators in this area is that set can be quit J etri-

~iental to problem solution. However , no subst~intial amount of work

I
2. Saupe inte rprets this result as evidence that knowledge of

• basic electronic s is necessary f or successful radio trouble shooti ng.
It is possible , however , that both knowledge of basic electronics and
trouble shooting pro ficiency correlate with still a third var iable,
a.~~., lear ning ability , and that knowledge of basic electr onics is not• required for tr ouble shooting. This , of course , is a matter of experi-
mental test .

r 3. There are some serious grounds for questio ning the validity
L of the water—jar tests as a measure of set. See Kendler (36) for a

rather unfortunate series of studies, aid Levitt ( 140) for a devastating• review of the test as a measure of rigidity .

- [
I

_

-- 
— - • •- •~~~~~ • • - - • • •



-- 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• 

_____ ~~~~~~~~~~~

I
I has been directly concerned with the effects of set in a trouble—shooting

I 
situation, althou~ i it would certainly be agreed that “getting off on

the wrong track” can slow down malfunction looati~a. Instead, work

I ~as been directed toward ways of getting men to contimae trouble

shooting after non—reinforcement (or possibly punishment) whenever a

I hypothesis fails (Li?). (More about this point is included in the section

on troub le shooting. )

I It wou].d appear that problem solviag research has provided few

i specific facts f~r the researcher in trouble shooting. Rather, the

• thinking that inspires problem solving research provides a general

• I framework for much of the tr outJ. e—shootin g research, aid has contributed

a few hints as to processes which may be involved in trouble shooting.

I
CONCEPT ~~U1ATICN

I Two general types of studies may be differentiated--st udies of

I 
the ~rder of difficulty of attainment of various types of concepts,

such as form aid number (9, 29, 32) and studies of the process of

I concept formation in which some stimulus characteristic is chosen as

defining a concept which the subject must learn. In this latter type

[ of stud~r, the subject must learn, for example, that all triangles-—

regardless f color, hei~ it, aid so fortn--’are ‘ correct” and all non—
• •~~~~ ~ I triangles are “incorrect.” It is to this type of study that attention

Will be directed.

• 

• 

B.fore touching upon the literature in the area, however, it

[ should be noted that trouble shooting can be conceived of as concept

formation, albeit a unique type of concept formation. The entire

• •t

I

_____ • • - • • • •
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I stimulus configuration, including the symptoms aid the results of the

i variou s checks made by the troub le shooter, defines the concept of

A is ina1flinctioniri~.” The uni~ue.iass arises in the fact

k I that the subject creates the atimulas configur zi tion for himself through

his methød of attack , aid that the various defining stimuli, while

sometimes pres ent simultaneously, are most ofte~a present successively.

The following findings on formation of concepts seem most relevant

to trouble shooting, eLendler and ~7inatarg (38) found that compound

[ ~oncepts are more aaai]~,’ learned if one or more of th~ simpler concepts

which form the compound concept have been learned earlier . Davidson

1 (10) raportea that á icture s ~f obje cts yielded more concepts than names

of object s, object —class (more abstract ) names yielded more concepts

~ L than specific-object (less abstract) names, and manipulation of the

~ I 
experimental materia ls by the subject yielded more concept s than non-
.ranj~alatj on. ilovland (33) ~rid Hovland and ~ej ss (31i) s iowed the

• I manner in which both positive aid negative instances of concepts aid

in concept learning. Hoviand and weiss (3ii) and Kurtz and }lovland

~ 1 (39) found tha t concept learning is £aatebt when all instances of a

~~rieep~ ~:e presented simultaneously, a bit slower w~en all instances

of a concept are presented successively before instances of other

• I ( concepts are pres ented , and slowest when instances of various concept s
are intermingled. Kendler aid D’.etznato (37 ) in a study ox tne speed

I of learning reversal, and non—reversal shifts, have specalated ~bcut the
V

1’
~
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~ I importance of the chaining of implicit verbal cues intervening between

• the stimulus-card prese ntation and the card-sorting response.

~ Since practically no work has been performed with these variables

• ~ in the trouble shooting situation , one can only speculate about the

relation of the variou s results to the trouble—shooting process . It

• I may be hypothesized that it would be mor e profitable to teach trouble

shoot±ng in terms of the individual parts of a symptom picture before

I. teachi ng it in terms of the complete symptom complex as such. The

“level of abs traction ” at which the ma ter ial is taught will be impor-

tant; the best that can be said at present is that the level should

be neither too low nor too high. Direct participation in troub le-

• 
shooting exercises will probab ly be a necessity. It seems certain

~: that the importance of “ negative ” inform ation (i.e., check results

- which do not isolate the trouble but merely eliminate certain conipo—

nents as possibilities) should be stressed for the troub leshooter

I and that he should be taught to use this inf ormation to guide his

- 
future behavior . Raving the trouble shooter write down the results

of all checks , to keep as complete a symptom picture as possible befor e

r him at all times, will probably facilitate trouble shooting.

Note should be taken, before leaving this topic, of fair ly recent

work in applying con’anunication theory to some of the problems in

concept formatio n. Mille r and Fr ick (1i3), drawing upon Shannon ’s

• work at the Bell Telephone Laboratories , have shown how the “ uncer-

tainty” associated with predicting the subject ’s next response in a

sequence may be determined. The factors entering the computations

~ 7~
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{J 
include the (usually short ) sequence of stimuli presented earlier, the

responses made to these earlier stimuli, the knowledge of whether these

• 
- - 

responses were “ correct” or not , reward probability, €~rd the subject s s

set , etc. Hoviand ’s paper (33), mentioned above, dealt with the effects

• of positive and negative concept instances in terms of a communications

1 model. Other interesting and important work has appeared (2, lL~, 15,

16, 20, 28, 31, 52, 53), but it is not invnediately obvious how commurii—
• cation theory can be applied in the trouble-shootin g situat ion.~

TROUBLE SHOOTI~~
The work in this area has been of two types; there has been some

experimentation arid a good bit more “ enlightened ” speculation . Miller ,

Folley, and Smith have published two reports on trouble shooting. The

first (u S) dealt with trouble shooting to chassis and to parts within

chassis; the second (Z&6) dea lt with the problem in the special case

in which a].]. compon ents (chassis or stages within chassis) lie in a

series chain. Neither the more general trouble-shooting method nor

the more specific half-split technique seems to have been compared

experimentally with any other technique. Warren and his associates

have developed the Generalized Electronics Trouble-Shooting (GETS)

Trainer and a course in basic trouble shooting ( 1i8, 59) . The tr ainer

- li. Knowing the stimulus sequence alone reduces the uncertainty
of pr ediction , as has been demonstrated by Hake aid }Iyinan (31) . There-

1 - for e, some application of the theo ry to trouble shooting should be
possible given the complete malfunction history of a given piece of

- equipment. For what seems to be a start in thi s direction , though
- not explicity in terms of communication theory, see Detambel (11)

and Stolurow et ei.(55). 

- 

_
- 
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[ was designed to simulate problems met with in trcub le shooting to

I the malfunctioning chassis. The course was derived from the trouble-

• shooting protocols of three experienced men. An unpublished experiment5

[ 
with high school students has shown that both intelligence and amount

of practic e influence pro ficiency in trouble shooting the GET S. How-

• ever, the value of neither the course nor the trainer has as yet been

evaluated in a military maintenance training program. Rulon and

Li. Sohweiker (u9) aeveloped sets of “ diagno stigra ms” to be used in conjuno-

f tion with a “ backtrack ” tr ouble-shooting method by flight simulator

mechanics. Rulon has indicated that the course built around the method
• I was quite successful. 6 The K—System MAC— l Trouble —Shooting Trainer

/ (21) has recently been evaluated experimentally with very encouraging

1. results (22). The authors concluded that:

- “. . . for bot h the wr itten and perfo rmance rieasures iimnedi-

ate]y after training, arid in terms of measures obtained in

• the field six months later, the group of trainees who received

all their trouble-shooting practice on the MAC—i Trainer

~ 
1~1. show no evidence of having received less effective training

/ihan the group of trainees who received all their trouble
• 

- 

shooting practice on the K—System bench mock—u~7 . . .• 1
5. Personal conmunication. Phone call to Dr. Joseph Tucker at

the k4aintenance Laboratory, Air Force Personne l and Training Research
• Center, Lowry air Force Base , Colorado , 9 Apr 57.

6, Personal communication.

• 

• 

i
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The experiment further demonstrates the feasibility of

• separate instruction and practice in trouble shooting

the entire sy stem. Apprentice mechanics can learn

• systematic trouble—shooting procedures based on an
• analysis of the data flow of the system” (22, p. 39) .

• 

. 
Success has also been reported in teach ing men to trouble shoot by

• methods which had been found to lead to successful performance on the

Trouble-Shooting Board , a symbolic trouble-shooting test device developed

for testing guided missile personnel (2u, 27) .~
I Salta arid Moore (50) have observed that the performance of unsuc-

cessful trouble shooters tends to deteriorate as failures (non—reinforce—

ments) mount. They hypothesized that this occur s as a result of the

extinction of approach response s to the equipment . They reasoned that

• • requiring men to pre-p lan the manner in which a trouble Is to be attacked

I would offset the extinction effects, and an experimental test of this

hypothesis yielded positive results (1~7). Berkshire (3) reported a

study in which trouble shooters were given a “cookbook” trouble—
1 1-!

I shooting manual and color-coded schematics. The printed procedures

- wer e of such great effecti veness that not even one man used the color—

I - coded diagrams. The “ cookbook” contained what may be described

~ r essentially as prianitivized performance check—out procedures , with

inst ructions to be followed whenever a check failed.

L
• 7. Several other “symbolic” trouble—shooting tests have appeared,

I such as the Tab Test (7), the MASTS (30), arid the AUTOM a~TS (Ii) . The
possibility of using the test s as trainer s seems to have remained
unexplored. It should be noted that these tests are quite similar ,
differing only in the manner in which inf ormation is made available
to the examinee.t&i I 

_ _ _ _ _ _ _ _ _ _ _ _  
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• U The nearest thing to a comparative study of the effectiveness of

• various methods in radio and radar trouble shooting ii included in a

ii report by Bryan (5) , Re categorized the “initial attack sequences”

• 1 (first five actions) used by men in trouble shooting radio problems

on the MASTS , AUTOMI STS, arid a job—sample test . There were five

L categories so defined that nontechnical personnel were able to assign

the pr otocols . The categor ies were (a) hal f—split , (b) middle—to-

trouble , (c) loudspeaker—to-antenna, (d) antenna-to—loudspeaker, and

(e) unsyat ematic , which may huvø included some men who used probability

trouble-shooting methods. The men were quite consistent in th, method

[I they used from trouble to trouble. It ~~s found that use of of

the four systematic methods located more troubles than did the unay.te-

• I matic method, arid the haif-eplit and middle—to—trouble methods r.quirea

fewer checks to locate the trouble than did the other methods. The

L r&Iar trouble-shooting protocols could not be categorised in the same

manner, and new categories had to be developed. Assignments to category

were quite subjective in many cases, arid the radar results were not

• particular ly illuminating.

The various trouble-shootin g methods mentioned appear to have

several characteristics in conmion . All assume that the trouble shooter
¶ possesses certain supportive skills such as vision, olf~etion, tact ual

sensitivity, and the ability to use test equipment and to make

• adjus-bnents and minor repairs. The se skills are used first to obtain

• : as complete a symptom picture as possible . In trouble shooting to

ft -i

55——— 
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the malfunctioning chassis , the system block diagr am is then consulted
• • J in order to determine points at which checks and/or adju stments may be

made so tha t each action eliminates as many chassis from consideration

• 
• as possible . (This is, indeed, the crux of all the methods.) The

system block in each case is traced backwards, from output. to Inputs,
• to points of data-flow diver gence, con ver gence, feedback, arid so forth.

The ability to recognize parallel but qualitatively different outputs

L • of chains to an indicator is essential and often gives important c~~s

as to the location of the malfunction. Half-split checking procedures

(the making of “general” checks, and th~ z more “ specific” checks) are

reconitierided wherever serie s chain s of chassis are involved. Use is to

be made of probability data whenever available, and of such procedures

• [
~ as writing down check results, switching identical chassis, arid comparing

readings obtained on test equipment against lists of required readings.
1 - It is interesti ng to note , however, that in no method proposed for use

by the tr ouble shooter to chassis is there any stated requirement for

- 

knowledge of so-called “basic electronics,” and Miller, Folley, arid

~ I Smith (14h) specifically exclude such knowledge from their list of

- - requirements.

Many of the characteristics of trouble shooting to chassis seem

I 
also to be characteristics of trouble shooting to parts within chassis .

f For example, use of test equipment is obviously required. Backtracking

1 
~ on the chassis blocks and schematics is necessary, The man must be

- alert for stra nge sounds, smells, and similar indications from the
I. equipment. A possible point of difference is that trouble shooting
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• within chassis may require “basic electronics” knowledge, although
~~~~~

•

‘ 
• ;

~~
.

this possibility has by no means been substantiated experimentally.

- A PROPOSE) TRCXJBLE SHO Yr ING T*SK

The present section will expand upon the Task statement for Task

TRACE contained in the Ru~~RO F! 58 work program.

Task TRACE is concerned with the discovery of efficient general

methods of trouble shooting electronic equipment, and with the specifi-

cation of traini ng methods to be used in teaching the trouble-shooting

• • methods developed. Miller and Folley’s criteria for efficiency- (Ui)

will be used . These are (a) time to locate malfunction, (b) number

L. of discrete steps , or number of abortive choices, (c) training time

• and effort, (d) transferability to new equipment , arid (.) capacity

I 
• level requirements. Other criteria , such as error distance, pattern

f T  • of search, arid extent of response stereotype (17), will be utilissd

as the need arises, and new criteria will be developed if necessary.

Li The basic appr oach to the investigation is to study trouble—

shooting procedures and training methods as applied in a miniatw.
- system, possibly some modification of the (ITS Trainer • Troubl.

I shooting to the level of the malfunctioning chassis will be attacked
L.

- first . The task will begin with an a priori tro uble—shooting method

- based on the various methods presented in the literature. As the study

• - - proceeds and weak points in the method become obvious, exper imentation
• to fill out these weak points will be undertaken.

L — - 5 5 -  __ _ _ _ _ _ _ _ _ _ _ _
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A few comments are in order about the approach via a device rather

than an existing system. According to one analysis (19), the maintenance

job consiats of checking, adjusting, replacing, servicing, repairing,
• and tr ouble shooting. The first five of these oehaviors very often

occur independently of each other arid of trouble shooting, as in the

• daily, weekly, and monthly checks made at the organizational level.

1 1 
When trouble shooting must be done (e.g., when a specified daily, weekly,

or monthly adjust ment fails to clear a symptom), the fir st five behaviors

~ I 
support the trouble-shooting process; they functio n as “tools” in the

pr ocess, Trouble shooting may be defined as data —flow analysis utili sed

k to locate malfunctions . The tr ouble shooter mast, on the basis of

~ 

observed symptoms, choose the appropriate block (data-flow) diagram.

• He must decide which components might cause the trouble, arid what

I checks to make , He must be able to interpret the meaning of the checks

and must decide what further action to take . Each check ar id its inter —

~ I pretation should eliminate as many chassis as possible until, by this

1 iterative process, the malfunctioning chass is is located.
I It is the present writer ’s working hypothesis that the task of

I teaching parts location in a complex system, test equipment usage,

adjustment procedures, repair procedures, arri other supportive skille,
j while time consuming , is not particularly diff icult.8 Accordingly,

r it r~ s decided to utilize a device which minimizes the time required

IL
T 8. See, e.g., Glaser, Glanser, and ifurphy (25, 26).
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~ I to teach the skills by making the various actions very simple to perform.

• f Another factor which led to the choice of a device was the desire that

• the research not be system-bound . Data-flow in the “miniature system”

• ~; I will be complete ly under the researcher ’s control and will be variable

from simple to complex within very wide limits. The data-flow of

[ complex systems will be reproduced on the device, arid subject s will be

• 
• taught to trouble shoot the complex systems in the miniature setting.

• 1 The purpose of this first phase of the research then, is to develop

j [ efficient methods of teaching efficient procedures for data —flow ana lysis.

• I At present , the following experimentation is contemplated :

f 
[ 1. Comparis on of the effects of teaching—symptom—cause vs.

r cause-symptom relationships. Stolurow et al. (56) have non-
• • I experimental data on this point which indicate that some occasionally

[ sizable negative arid positive transfer efi~ects occur depending upon

both the nature of the training arid of the job , but experimental

~ I work in the troub le—shoot ing situation is lacking.

1 
~ 

2. Comparison of a group taught data-flow analysis on the

• equ±pment with a group taught data-flow ana lysis in isolation

I I from the equipnent using only the data-flow (block ) diagrams.

1 3. Comparison of individuals working on the troubles with

• I ana l groups working on the troubles.

• ( Li. Comparison of various methods of critiqu ing individual or

• j group performances.

I S. Comparison of proficiency of groups differing in intelligence.
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I
I This phase of the research will probab ly utilize high school

I 
stu~eLit s fr ~~t the ~-7ashington area.

The resu lt s o the variou s experiment s will eventually be brought

I together and the ent ire package, trouble—shooting procedures and tra ining
• methods , will be applied to severa l Arn~y cour ses training for let arid

1 2nd echelon electronic maintenance. Becaus e of the time element, it

I is probable that only one section oZ several courses will be modilied

• or relatively small systems, such as surveillance radars, will be

I I utilized . It is contemplated that comparisons will be made among

I groups trained by whatever method is then in use in each school, groups

I trained by the experimental method but composed of men who have had the

usual course in “ basic electronics,” arid groups trained by the experi-

mental method but composed of men who have had no “basic electronics .”

The non-trouble-shooting sections of the courses involved will probably

be taught using methods then in use in the school.9 Following this

I evaluation, the tr ouble-shoot ing procedures arid traini ng methods will

be incorporated into a manual to be used by the schools in their
I training programs, arid the manual wi].1 be evaluated.

[ When it is deemed profitable to do so, at tention will be directed

• toward trouble shooting to parts within chassis. This work , however,

[ depends upon the findings of the research outlined above, so that no

statements about possible experimentation will be made at this t ime.

9. There is the distinc t possibility that results from United• I States Arn~r Air Defense Human Research Unit ’ s proposed Task MA INTRAIN
• will be drawn upon as needed for the non—trouble —shooting topics.

I
[

• —~~~~~~~~~~—*----- --——--
~~~~~
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SWI~ RY

The relation of the find ings in various areas ccmcernid with

performance in complex situations to trouble shooting in electronic

~ 
I. equipment has been discussed. Various proposed methods of tr ouble

shooting have been noted , ar id a study dealing with trouble-shooting

process and training methods to teac h the process has been outlined.

L

I

L I
I•- I
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